The ability of mammalian rotaviruses to replicate in BSC-1 and CV-1 cell cultures was facilitated by the presence of 4~ chicken serum. Viral plaques tended to be larger and appear more quickly than in cultures without added chicken serum. It is proposed that chicken serum facilitates plaquing of rotavirus due to its lack of trypsin inhibitors.
It has been repeatedly demonstrated that trypsin and other selected proteolytic enzymes enhance the replication of rotaviruses (Almeida et al., 1978; Barnett et al., 1979; Begin, 1980; Clark et al., 1979; Espejo et al., 1981 ; Estes & Graham, 1979; Estes et al., 1981 ; Smith et al., 1979) . Although the mechanism by which trypsin converts non-infectious viral particles to infectious virions is not known, it has been shown that trypsin cleaves two viral structural proteins (Espejo et al., 1981; Estes et al., 1981) .
A low percentage of foetal bovine serum (FBS) (0.5 to 2~) is usually included in the culture medium of virus-infected cultures, and in viral plaque assays to maintain cellular integrity until the cells are lysed by virus. However, FBS, which contains trypsin inhibitors, cannot be included in the culture medium during the propagation of rotaviruses, because of the strict requirement for trypsin. Because it has been previously reported that chicken serum (CS) does not contain protein inhibitors (Zhirnov et al., 1981 ; Fujii et al., 1981) , we have investigated the effect of CS on the replication of rotaviruses.
BSC-1 and CV-1 cells were grown in roller bottles with Eagle's MEM containing Hanks' salts, glutamine, 10~ FBS, 50 ~tg/ml gentamicin and 25 ~tg/ml fungizone. Virus stocks were prepared in BSC-1 or CV-I cells (roller bottle) in MEM with or without 4~o chicken serum supplemented with 5 ~tg/ml trypsin.
Virus-infected monolayers showing 80 to 90 ~ c.p.e, were frozen and thawed three times. The culture medium was clarified at 12000g in a Beckman J-2-21 for 15 min. The cell pellet from this clarification was resuspended in 20 ml 20 mi-Tris-HC1 pH 7.5, 0-15 M-NaC1, 10 mM-CaC12 (TNC buffer), and extracted with an equal volume of 1,2,3,4-dichlorodifluoroethane. The virus in the aqueous phase and the virus obtained from culture fluids were pelleted by centrifugation at 125000g for 1 h in a Beckman SW28 rotor.
The virus pellets from the cell extract and culture fluids were resuspended in 8 ml of 1-37 g/ml CsC1 in TNC buffer and centrifuged for 18 to 24 h at 400000 g in a Beckman Ti 65 rotor. The bands of singl~-and double-shelled virions were collected from the bottom of the tubes. The virus concentrations were determined by absorbance at 260 nm.
Virus titres were determined in BSC-1 cell cultures in 6-or 12-well culture plates (Smith et al., 1979) . Cultures were inoculated in triplicate with log10 dilutions of virus. After adsorption for 1 h, the inoculum was removed and the monolayers were overlaid with MEM supplemented with 0"8~o agarose (Seaplaque; FMC, Rockland, Md., U.S.A.), 4~ CS unless stated otherwise, 5 ~tg/ml trypsin, 5 ~tg/ml gentamicin and 25 pg/ml fungizone. (1974) . Briefly, the capacity of trypsin (33 gg/ml) to hydrolyse N-benzoylarginine-p-nitroanilide was determined in the presence or absence of various sera using a spectrophotometer (Lambda 1, Perkin Elmer) at 405 nm. The percentage inhibition of hydrolysis due to the presence of serum was calculated from the difference in the change in absorbance per minute (AA/min) between a trypsin reference assay and assays with serum added (I). % Trypsin inhibition = [(AA/min trypsin -AA/min I)/AA/min trypsin] x 100. All serum samples were diluted 1:25 in phosphate-buffered saline prior to use. II, CS; +, FBS; 0, mouse serum; x, horse serum; 0, rabbit serum. Values shown are the mean of three separate determinations.
We first determined whether sera obtained from various species differed in their capacity to inhibit trypsin activity. Three separate lots of serum were obtained from chickens, foetal calves, horses, mice and rabbits. Serum obtained from the same species had characteristic levels of trypsin inhibitor. Chicken and horse sera had considerably less trypsin-inhibiting activity than the sera of other species tested at low concentrations, whereas only CS had low levels of trypsin inhibitor activity at the higher concentration (Fig. 1) . Horse serum is known to have antibody reactive to rotavirus, and in a series of experiments horse serum inhibited rotavirus plaque formation (data not shown). Hence, to determine whether serum protease inhibitors influenced the capacity of mammalian rotaviruses to form visible plaques, we decided to study the CS in more detail.
We found that the capacity of rotavirus strains, simian 11 (SA-11) and Canadian bovine virus (CBV), to plaque in the presence of FBS supplemented with 5 ~tg/ml trypsin was 3 to 4 log10 units lower than similarly grown virus titrated in the presence of 5 ~tg/ml trypsin without FBS. However, when serum was omitted, the cellular morphology by light microscopy showed evidence of rounding of cells, even in areas without rotavirus c.p.e.
We next examined the capacity of rotaviruses to replicate in the presence of CS, which contains only slight trypsin-inhibiting activity in comparison to FBS (Fig. 1) . Rotavirus strains SA-11 and CBV assayed for p.f.u, in the presence of CS and 5 ~tg/ml trypsin yielded titres equivalent to those obtained with trypsin only. The plaques in monolayers containing CS were larger and began to form 12 to 24 h earlier than in monolayers containing FBS or no serum additives (Fig. 2) . In addition, the presence of CS in the overlay medium tended to prevent the destruction of monolayers by trypsin before plaques could form. Initially, 2~o CS was used in overlay media, but we found that by increasing the percentage to 4~ we could significantly decrease the deterioration of the monolayers when the overlay medium contained 5 to 15 ~tg/ml trypsin.
The culture conditions of 4~ CS and 10 ~tg/ml trypsin have been used to prepare large quantities of rotaviruses in roller bottles. We have consistently found no difference in the total IP: 54.70.40.11
On: Sun, 10 Feb 2019 18:37:38 We have demonstrated that CS does not inhibit the replication of bovine or simian rotaviruses. Indeed, the capacity of bovine or simian rotaviruses to plaque in the presence of CS was enhanced compared to virus grown in the presence of FBS (Fig. 2) . Viral plaques appeared more quickly and were larger when CS was included in the overlay medium. We assume this is due to increased cellular viability due to the presence of CS. The overall yield of rotavirus for growing large stocks of virus was not adversely affected by CS; however, there was no increase in overall yield of virus.
We found, as have others, that the presence of FBS in the culture medium of rotavirusinfected cultures greatly reduces the virus yield  Estes & G r a h a m , 1979; Graham & Estes, 1980) . The rotavirus plaque titres we obtained using FBS in the overlay medium varied, but in all cases FBS appeared to be inhibitory. The reason for this inhibitory effect has been shown to be the presence of trypsin inhibitors in FBS (Estes & Graham, 1979; G r a h a m & Estes, 1980) . We believe that the lack of trypsin inhibitors in CS accounts for its lack of inhibition of rotavirus replication.
It is also possible that antibodies or non-specific inhibitors of rotavirus replication could be present in specific lots of serum supplements such as FBS and pooled CS. However, we have used three different lots of pooled CS from two different suppliers and have not observed inhibitory effects on the propagation of rotaviruses.
We have shown that 4~ CS is a useful additive to plaque overlay media for rotaviruses. The larger plaques and increased viability of the monolayer would be potentially helpful in studies where accurate titres of virus are essential.
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